Ternary semiconductor CuYS 2 is studied by using the first-principles methods in the density functional theory (DFT) framework. The structural, electronic, optical and elastic properties were calculated at the ambient and elevated hydrostatic pressures 
Introduction
For a long time, the I-III-VI 2 with III=Al, Ga, In, which crystallize in the chalcopyrite structure, whereas the IIIB materials group (III=Sc, Y, La), whose crystal lattices have, as a rule, a lower symmetry, remain much less explored. Thus, the structure of CuScS 2 and its electronic properties were reported in Refs. [ 6 , 7 ] . The structural properties of CuYS 2 were described in Refs. [ 8 , 9 ], but so far, to the best of the author's knowledge, no theoretical and experimental studies of the electronic, optical, elastic properties for this compound can be found in the literature. Therefore, in the present paper the results of such calculations, performed for the ambient and elevated hydrostatic pressure in the pressure range from 0 to 20 GPa, are reported and discussed. The obtained information can be useful for assessing perspectives of potential applications of CuYS 2 ; it can be compared in the future with the experimental results, should the corresponding measurements be performed.
The paper is organized as follows: in the next section the structure of CuYS 2 and method of calculation are described. After that, the paper is continued with presenting the results of the structural, electronic, optical and elastic properties calculations, before it is concluded with a short summary.
Crystal structure of CuYS 2 and method of calculations
According to Ref. [9] , CuYS 2 crystallizes in the Pnma space group (No. 62), with four formula units in one unit cell. The lattice parameters are collected in Table 1 . The Cu ions are four-fold coordinated by the S ions, whereas the Y ions are six-fold coordinated by the S ions. There are two kinds of sulfur ions in this structure. The first one is in the octahedral coordination, with three Y and three Cu ions as the nearest neighbors, and the second one is in the tetrahedral coordination having three Y and one S ion in the first coordination sphere.
The structural data from Ref. [9] were taken as an initial input for all calculations of the structural, electronic, optical and elastic properties of CuYS 2 . The CASTEP module [ 10 ] of Materials Studio was used with either generalized gradient approximation The plane-wave basis set cut-off was set at 290 eV; the Monkhorst-Pack k-points grid sampling was set at 2×8×4 points for the Brillouin zone. Such a choice of the k-point set corresponded to the following separation between them in the inverse space: 0. 
Results of calculations

Structural properties
The crystal structure data for CuYS 2 , optimized at the ambient pressure with the above-given calculating settings in comparison with the experimental data from Ref. [9] , are collected in Table 1 . As seen from this Table, agreement between the calculated and experimental crystal lattice parameters is good. In addition, the theoretical and experimental fractional coordinates of all ions in a unit cell also match each other well, which serves as an additional proof of reliability of these theoretical findings and gives confidence in the results of the following calculations of the electronic, optical and elastic properties of CuYS 2 presented in the next sections.
Electronic properties
The calculated band structure of CuYS 2 is shown in Fig. 2 , whereas Fig. 3 shows the Brillouin zone of CuYS 2 with indication of a path along which the cross-section of the energy surfaces is shown in Fig. 2 . The calculated band gap is 1.342 eV (GGA) and 1.389 eV (LDA); it turns out to be of an indirect character, since the maximum of the valence band (VB) is realized at the G point (the Brillouin zone center), whereas the minimum of the conduction band (CB) is in the segment between the G and Z points. It is well known that both GGA and LDA underestimate the calculated band gaps; therefore, the above-given numbers can serve as the lower estimates of the true band gap, whose actual experimental value can be about 1 -1.5 eV greater, i.e. between 2.3 and 2.5 eV. Unfortunately, no data on the experimental measurements of the band gap for the title compound were reported so far. An argument in favor of this estimate is the experimental band gap value of a similar CuScS 2 compound, which was given as 2.3 eV [8] , and the theoretical indirect band gap of CuScS 2 1.99 eV [7] . Both CB and VB states are not localized in energy and exhibit well- 
Optical properties
The optical properties of a solid can be effectively described in a unique way by its complex dielectric function ɛ. After calculations of the electronic structure, the optical properties can be calculated in CASTEP in a straightforward manner. The imaginary part Im(ε(ω)) of a dielectric function ε(ω) is calculated by direct numerical evaluations of the matrix elements of the electric dipole operator between the occupied states in the VB and empty states in the CB:
where u is the polarization vector of the incident electric field, r and e are the electron's radius-vector and electric charge, respectively, The real part Re(ε(ω)) of the dielectric function ε, which determines the dispersion properties and refractive index values, is estimated then by using the Kramers-Kronig relation:
Figs. 5 and 6 show the GGA -and LDA -calculated dielectric function ɛ (both real and imaginary parts). 
Elastic properties and pressure effects
Complete set of the calculated elastic constants for CuYS 2 is collected in Table 2 .
No reports on the elastic properties of this compound have been found so far, which does not allow for making comparison with either experimental or theoretical data from other sources. 
, (3) where E is the value of the Young's modulus in the direction determined by the direction 
where V and V 0 are the volumes at the elevated pressure P and ambient pressure, respectively, B is the bulk modulus and B' is its pressure derivative. As a rule, the value of B' is between 3 and 4 for solids. (Table 2) . (LDA); in these two equations V is expressed in nm 3 and B in GPa.
Finally, applied hydrostatic pressure also modifies the electronic structure of a solid, leading to an increase (as a rule) of a direct band gap and a decrease (quite often) of an indirect band gap. Table 3 shows the calculated values of the direct band gaps at the special points of the Brillouin zone (see Fig. 3 ); the calculated results are also visualized in Fig. 13 . As seen from Fig. 13 , only at the S and Y points of the Brillouin zone a noticeable increase of the band gap with pressure is observed; for the all remaining points the band gaps depend only slightly on pressure, and the indirect band gap (the lowest band gap out of all calculated) decreases with increasing pressure. 
Conclusions
The first principles calculations of physical properties of the ternary semiconductor CuYS 2 were performed in the present paper. After successful optimization of the crystal structure, the electronic, optical and elastic properties were all calculated. The indirect band gap was evaluated to be 1.342/1.389 eV (GGA/LDA), the bulk modulus is about 70-80 GPa, depending on the method of calculations.
Since the considered crystal is orthorhombic, its optical and elastic properties should exhibit anisotropy, which was proved by the calculations. In particular, the real and imaginary parts of the dielectric function, absorption spectra and index of refraction were calculated for the (1, 0, 0), (0, 1, 0) and (0, 0, 1) polarizations. Elastic anisotropy was visualized by calculating and plotting the three-dimensional dependence of the Young's moduli on the direction in the CuYS 2 crystal lattice and its two-dimensional cross-sections in the xy, yz, and xz planes.
Pressure effects on the lattice parameters and electronic properties were also modeled by optimizing the crystal structure and performing all necessary calculations at elevated hydrostatic pressures. Compressibility along the a, b, c crystallographic axes was calculated and found to correlate with the C 11 , C 22 , and C 33 components of the elastic tensor.
To the best of the author's knowledge, the results presented in this paper are the first attempt of a first-principles description of the CuYS 2 properties.
